The gene (smpA) that encodes the 16-kDa outer membrane lipoprotein of Serpulina hyodysenteriae was cloned in Escherichia coli, and its primary structure was determined by nucleotide sequencing. The putative open reading frame encodes a prolipoprotein of 16.8 kDa which in its fully acylated and cleaved form is 15.1 kDa. Analysis of the N-terminal amino acid sequence derived from the DNA sequence revealed the presence of a signal sequence and a putative acylation and signal peptidase II cleavage site (Phe-Ala-Val-Ser-Cys). In E. coli, processing of the prolipoprotein was less efficient than that observed in S. hyodysenteriae, and globomycin, an inhibitor of signal peptidase II, inhibited cleavage of the lipoprotein expressed in E. coli but did not inhibit cleavage in S. hyodysenteriae.
When Serpulina hyodysenteriae is inoculated into conventionally reared pigs, clinical signs of dysentery consisting of mucohemorrhagic diarrhea are produced (12, 33) . Attempts have been made to develop vaccines against infection by S. hyodysenteriae which have been based on whole-cell bacterins (11, 15, 21, 23) and oral vaccination with attenuated strains of the spirochaete given either alone (16) or together with a parenterally administered bacterin (15) . These vaccines have provided some degree of protection from experimental oral challenge with S. hyodysenteriae (36) and in challenge experiments using colonic intestinal loops in pigs (18, 19 (20) and also to a 16-kDa membrane-associated polypeptide which was common to strains of S. hyodysenteriae (27) . This antigen has been identified as an outer membrane lipoprotein which is exposed on the surface of the spirochete (34, 35) . Both polyclonal (27) and monoclonal antibodies (MAbs) (34) of Sanger et al. (25) with the modified T7 DNA polymerase (Sequenase) kit (United States Biochemical, Cleveland, Ohio). Single-stranded template DNA was prepared from plasmid pWT734 by the method of Murphy and Kavanagh (22) .
Computer programs (29) were used to compile sequence data obtained from sequencing gels, and the University Wisconsin-Madison Sequence Analysis Software Package of the Genetics Computer Group Inc., version 7, was used to analyze the sequence data (9) on a MicroVAX 3600. Sequence data for most of the insert were obtained by using only the universal and reverse M13 sequencing primers and oligonucleotides 5'-CATTT'AAAGGAGTTCAAAA-3', 5'-TIrATTAAAGTTGCTCTGTl'TA-3', and 5'-TAGTTGTGT TAGGTGCAAT-3', which were synthesized with a 381A Applied Biosystems oligonucleotide synthesizer. The sequence data also provided details of the extents of the deletions generated. Western blot (immunoblot) analysis, with MAb F325 AC4, of E. coli XL1-Blue containing the truncated plasmid indicated that when the first 143 bases were removed from the insert DNA (pWT734/1), there was no expression of the antigen; this region is thus important for expression of the gene (Fig. 2 ). An additional deletion of 166 bp from the 5' overhang (pWT734/2) was also negative by Western blotting. However, deletions of 30 (pWT734/13) and 400 (pWT734/15) bases, made from the opposite end of the insert by digestion with YpnI, to provide a 3' overhang;
Drall, which leaves a 5' overhang; and exonuclease III did not affect expression of the antigen.
Sequence analysis revealed a potential open reading frame of 477 bases from 119 to 595 (Fig. 3 (26, 32) . Another important criterion for efficient prolipoprotein modification appears to be the presence of a ,B-turn secondary structure immediately following the Cys residue (13) , and mutants with a decreased probability for ,B-turn structures have been shown to be defective in prolipoprotein modification (17) . Computer prediction (7) of the amino acid secondary structure suggests that 1-turn secondary structures may occur after the cysteine putative acylation site in a six-amino-acid peptide which contains the two asparagine residues at positions +2 and +3.
Expression studies. Minicells containing plasmids were prepared by the method of Reeve (24) ,uCi/ml for 1 h at 37°C, and separation of the labelled polypeptides was performed by SDS-PAGE. The gel was dried, and autoradiography was performed after fluorographic enhancement (35) . Inhibition of processing of the lipoprotein in both the spirochete and E. coli was performed by incubation of (i) S. hyodysenteriae VS1 in tryptic soy broth for 12 h and (ii) the E. coli clone possessing plasmid pWT734 in Luria-Bertani broth for 2 h with globomycin (a gift of M. Inukai, Fermentation Research Laboratories, Sankyo Company Ltd., Tokyo, Japan) at a concentration of 200 ,ug/ml. As the globomycin was dissolved in 2% (vol/vol) ethanol, a control E. coli culture containing 2% (vol/vol) ethanol was also included in the minicell studies.
Minicell analysis of the gene products of plasmid pWT734 and the effect of globomycin on posttranslational modification are shown in Fig. 4 . When L-[35S]methionine was used to label the gene products, only the larger, uncleaved prolipoprotein of 18 kDa was labelled. This was unaffected by the presence of globomycin at 200 ,ug/ml. The demonstration of the 18-kDa spirochete prolipoprotein only was unexpected until DNA sequence data revealed the presence of only one methionine residue at the N terminus of the prolipoprotein, which would be lost when the signal sequence was cleaved. Therefore, to demonstrate the inhibition of cleavage of the signal sequence, labelling of minicells was performed with L-[35S]cysteine. Both cleaved and uncleaved forms of the lipoprotein were present, and globomycin appeared to inhibit cleavage (Fig. 4B) . The presence of 2% (vol/vol) ethanol in the medium (the same concentration as that required to dissolve globomycin) failed to inhibit cleavage of the lipoprotein although processing was reduced.
[3H]palmitate labelling of lipid-modified polypeptides in the E. coli clones and also in S. hyodysenteriae VS1 was performed as described previously (35) . The duration of incubation of [3H]palmitic acid with E. coli was 5 h, and that with S. hyodysenteriae was 8 h. Labelled cells were collected by centrifugation at 11,600 x g and washed three times in phosphate-buffered saline. The labelled components were separated by SDS-PAGE, the gel was dried, and autoradiography was performed after fluorographic enhance (2, 30) . Also, OspA and OspB surface lipoproteins of B. burgdorferi (4) , which determine the serotype specificity of the spirochetes, also probably play a role in antigenic variation (1) . The function of this, apparently abundant, lipoprotein on the surface of the spirochete remains unknown, and there is no evidence to suggest that antigenic variation occurs with S.
hyodysentenae. However, the reasons for the persistent nature of swine dysentery could be analogous to those that are being elucidated for relapsing fever or the recurrent Lyme disease.
Nucleotide sequence accession number. The nucleotide sequence data presented here will appear in the EMBL, GenBank, and DDBJ nucleotide sequence data bases under accession no. X68401.
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